. e3eJFFGDH I ZpJ6JTJaj9 A MULTIMODE |1/0O SIGNALING CIRCUIT Field of th

-l nvention This invention relates to a circuit used to provide wmmmmmm\
between a first and a second device. Mirre particularly, this |

relates to a circuit that can be 5 configured to operate in one of wgadst i pl e
‘nodes using one path through the circuit. Still nore particularly, this
invention relates to an | 10 ACMYIEIVPDE ¥ HIEYAAN@FBEVToNni cs of a Coriolis Mss
flowreter that mnimzes the nunber of termnals needed in the neter

el ectronics to support different FR3874Rs Yn¥atigies that operate in
different nodes. Problem 10 It is known to use Coriolis effect mass

flowneters to niksinventios selateswo asirceit tead tomrovidet/Osignals hatwaena ¥rst aadi ng

t hrough a eI| s disclosed.in U Pat ent 1, 025 . ed to J.

£ n'th. b8 Ge0%en, M0 TeRiculary, Tl elon Bips 1 4 ORdy FRYER Be
Februsgy l:énﬂé@r%% to @&ﬁeﬁrﬁ OMEB RLRIpIEMBdeSEsiAg oﬁerp%tmr@auémhe%u@maswrved
configuration. Each flow tube confi gurat fon ina Coriolis mass fl owneter

has 15 a $eereoparisularlyl this ineentiom ralates,tovitn ¥R aiaguibin ofeter eleatsdrichedfdd ng,
t or si onal Eahflo e is rive .0.,0scillate
T b eoan S Mass fowihe hal T nizen i bU L S Erinal® b e 4R Fistel o
the vi braleldidronied & $uipor dif8bnt %é&@ﬁ@ar%%vi@eé kR bpeiatean diffirentt@ogegbi ned
mass of the flow tubes and the material "within the fl ow tubes. Mteri al
flows into the flowrreter froma connelttaddemi pel i ne on the inlet 20 side of

t he fl ownret er materlal s .then_ directed throu the flow tuhe or flow
t ubes'%and exi t%t '19' NoRrhserorigfisetRch aass %ﬂﬁ@éggﬁnﬁﬁsi”'ﬁemaﬁ? gy %’?C{i

driver apetﬂ\ﬁn%{{g@heﬁ ot thdtBfaiS!RWing HoudiNe piife Leusassddm Ul \M@PF to

oscillate ere is no materi al ng 't rought OWTEt er
poi nts al blog4ad91, Oﬁéhsﬂmeddedt&lsmehy\ettm efnjandant 1 ctA8ard Be. 3%,480rtatkE! al

begins tofl W hthe2 flow tupe, Coriolis accelerations cause each
ot al oRGIEI FRBHAN . 188RavENaseilBF G ﬂam%l@@evwrtrwoweb%éyg% A eher

points al ﬂ&eﬁ%%ﬂ?‘%tfdﬁb%eﬂ Wﬁoﬁgﬁfﬁm gb?fﬂdnﬁh%t CE Eﬁ]ﬁﬁmfnle?é’)‘ Habe

| ags the’ rlver ase S|de e driver.
Sensdbs aaesepb&nathraltvnbmtlodlnhdcmf@mhmomam)emi a dimpld b&ndm@etotmnrpm,madmé
si nusoi dal anal s representative of the noti &n of the flow tube gt t he two

poi nt s. A°'3§° RisddyRes FABlaw bibe isdrivRd tRiqsRIRLE RLESPPRACY NPT Reth&SSsor s
i s cal cul ghedai r‘?xroygonapgfnétgr'E?VIbT&%rfllﬁ%Ssg {Hes eﬁxﬁfh&}ﬁghaaer i f H{tfsgmé’@nﬁensor

signals i s propo Iowra

t hrough t e démmutr&rwy the@onibihes mash of thegow 1B @hd thé haiteria tvdthid thTehe
material is determ ned mul tiplying the phase difference by a flow

calibrati %Wff%@%)r Mamnad ﬂpwt%ﬁh%ﬂgwmﬁﬁrfféﬂfﬁ@rcqf@e&@%@'ﬁﬁlﬁlﬁﬁ'ﬂ)&h@rﬁt@r| al
2|r gg?pg'ﬂ?g g@:bﬁ% 3 nmtc-:-?é?tTﬁ@ﬂtatgﬁﬁg%teh%eeﬂcedttﬁl% ng'h%‘é hH\mubéV&tﬁlw tybes
g a process CONnect e nory feceive Sensor

si gnal s aandd exﬁgm@ﬂbwmetmblaaﬁ@eme dehsgdiedientthe oatisissiiéow rate and ot her
properties of the material flow ng throu the tube. Th neter el ectronics
can al so use tAediivegapples @ fema iQ)Fhetﬂ@NgWﬁ)eﬂ‘PégmﬁfC%ﬁﬁdW§°’fNI BiReetCer

t
cecondary o3R8 (i Befe b A traterfdtAohiED tib0T Be noPhBrer BRI 8RRET,
to recei ve flovatddeostiiamn witleah ffshidar phatey i Xea Matédl beihstofipastaraigh the
nodi fél ng fl owret er operation. For purposes of the present discussion, a

secoR8ar ylpw dubes Cegiotie vicceleraticnsycaliset emftap@blaéomg thedewm/iubg i bavg @ from
Funct i onsSTREET RS i BFerack B ol TRUTE U AR e L BRo¥Rons08pe o
thi's inveildt@ie of the flow tube lags the driver, while the phase on the outlet side leads the
driver. Sensors are placed at two different points on the flow tube to produce
sinusoidal signals representative of the motion of the flow tube at the two points. A
30 phase difference of the two signals received from the sensors is calculated in units
of time.
The phase difference between the two sensor signals is proportional to the

mass flow rate of the material flowing through the flow tube or flow tubes. The mass
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‘It is a problemin the Coriolis flow neter field in particular and other
-fields in 15 general that different types of secondary processing devices
may be connected to the electronics. Each different type of secondary

. processi ng device may conmmuni cate in one of several different nodes. Some
“exanpl es of different nodes include but are not linmted to digital
signaling, 4-20 mllia anal.o ignaljn cti.ve.di screte,.signalin

passi ve di s@%@teﬁfmﬁﬁﬁfédﬁgﬁk 'Féjq?)gﬁ%@'p Yiga s R ?Sgrgdﬁ%%gg?\%gé flow

frequency 2&:&&%'\'5&%. ﬁﬁéﬂ&%&itﬁﬂéﬁ@nﬁa‘é&ﬁ%é@z@rrﬁkﬁebfw nRt&ial ptesdrienibag or

anot her electronic device 1n another field, the electronics nust have at

| east one tapss sedticmad ptopurtied bfythevitowt bai nal s connected to the circuitry
needed to support the npde. The need for seBar at.e ci rctji%s for_each. ngge
supported by t hdeles &egrmnics NGIuding gArReRSSP apH FUNELTGHAIGNOY TECpye jhe
adaptakt e t i J (W QYo [ i AP if
m)des)bj)an a ﬁ??%@g?li{a?@%lktécmrrgslﬁé%%&gﬁgg%@?gﬁgg‘%ﬁﬁeﬁode sup\%éﬂee%ﬁénﬁeﬁe
el ect r oni cproparties afidihé natedial flowing threadtishe tubeotTh mbteredearorads carsdlsande
assenbly cost of the el ectronics. Furth?r mgre, unl ess a sgeci fic_circuit

for a specithpSignsieta Bopigethe prepesiisc Pt CENAIFUROWRRHS CHRPYBr (18§ B§ter he
net er el ect I i Is i i ; LN
Goneral and et P Sarbolf Rehs ol (64 BeortdarbrondSiig A 1t is

t hat reducesisd pessibleunt iy metaraledtroni¢sntoarceive sigratsifronwitid secomdiang dévige t he

nunber of nodes supported by the ci rcuitrq))/. 2. SQLUTI ON The above and
ot her 1 oblferiheperease, et modifving Savameter operefienarkon BUERasesveidthen pirsgmtt he

.. . O si . . it t . N
Dl urarity oioqBaln e Ram T ResodsSiidkiolieRLis ay PERH P gBFIE LD 4

transmt 5 fidrfHdP of BranBMtohig ERRBISME tisd Redrs eldotnicss ETpndatugl figticss addi S
allows each I1/Ocircuit in a device to operate in any one of a E}I)urallty of

nodes whi clppesatinneef senondanbdeviess isinat gpyeredde Hheiseepe pbthisidventosi gnal i ng

capable of oper 4 g ArRBEAPEICTpis A8 Rl BEELIFe PR rbdsin
througfs t heyehigk4lthdt diRstedt §Bes Bf $dtdntiah otaGinPdddEes M orfieRRidMoltise

connected to a positive output term nal. A variable inpedance device, such
as a transieledroni¢ss taemdiffesentitype 06 secansi@y PIOEsEES dedc) 5 AN sUBMUBIQgisal

nogati ve t db fief S qiraisRtFeds, ST BEP AR SR hO T PRRE N RES  co
to ground. nb'?lirﬁh@dfdd@&al\é@riaﬂmt;%-Qﬁﬁﬁlﬁﬁﬂﬁgnékbg@fg;mm@,Q@ti%;ﬁ@dtéﬁgr\‘dliﬁggd

to conplete a circuit between the positive an .nné_atl ve termnals 1nsi
the |/ O ci massivei disoraidr sigpalingt active freaueneiagéanalingeeand Hreassos fiegueney

negatiye termnals._The second variable i ce caontrols.the flow
of curtent SI’QQﬁlrWheF‘Ho ; 9 ﬁ@lppgﬁ@q §¥ﬁ@ﬁ%ﬁgpﬁﬁggé@ﬁa%laé"qt'?%eed%%?é"c
devi ces ar QigvitRtih @nblfbrifeid, 18e BRIBWCE IR Ma0E at ot Binkd tirthindl dridetypicQlly
signaling circuit to operate in a particular node. A controller executes

i nstruct i otwotthemingistcanmested tothawiteuitry nReded te SURRPR the &ade.be transmitted

and generates signal s at _confiqure a circuit.. The contral rates a
first signal that'i %eeé{) rgssaa'e%e?ﬁgwﬁaf?g?a@iﬁ%& %a%@%%ﬁxkﬁ%s@?@@cm
first signg peplenesf iftCelbbirShicy 8fd Rteaddmaslans prolfid SignkR id difIeil RbGed’
break a circuit which in turn controls the current flow ng through the
second®y dewuppoftrdiffetend rpodes.i ae additiohabicireuit must hsyaadded tfer gRgfImoden
the prefer rs%%ported by the electronics. Each additional circuit adds to both the material cost

and assembly cost of the electronics. Furthermore, unless a specific circuit for a

specific mode is added, the specific mode cannot be supported by the meter

electronics. There is a need in Input/Output (I/0O) signaling art in general and in the

30  Coriolis flowmeter art in particular for a system that reduces the amount of circuitry in

an /O circuit while maximizing the number of modes supported by the circuitry.



enbodi nent) the first signal is a digital signal that opens and cl oses a
-p-channel MOSFET transistor. A second signal is also generated by the
controller. The second signal is 30 applied to the second variabl e

i npedance. The second signal causes the second variabl e i npedance device to
"change the anmpbunt of current that flows through the second variable

i npedance device into ground. As the ggi_gﬁrl] |l ows to ground, the 3
resi stor connected to the second vari i dance devi ce causes a voltage

whi ch is appli edHe0aBBvERRHAbthaNProlERis! Aler sdiBd ARY aAstivahcBBAethavak!gbl e
to an Analog to Digital (AID) converter. The Op-Anp al so receives the

second si graehieMeiddhraughahe pnedisign of gnalQ sighelingp cikapt then & capablaotopenating

vol tage whi.ch is then_ a ied to the 5 second . variabl e, inpedance device.to
contral ¢ hat AuPREAIY o SRS WRiAehE SO dims I e TEUEY b7 - TpeT
first apd %W@'I&bﬂ&@r?e@éi@e \Ryiafdirbin & ReceRAAROHERE t Thid aMSWR kaBh  1/0
receive signals in a desired node as set out bel'ow. This invention is an

i nt egr at ed cirt@itsn gndaviicaytacoperaia ircapabhe ajfa ppeality iofgnodesowbiohf reglugkesrthéi ty

of nodes having a pqower. receiving circuji that . .receives po , high 1
ot ont 1 al | TeTRETa" GHAS deEd 8 Rovidel PO RaIIS BEMWEER BrliekEndet eRaRd
(254) that deopaects to the load. A first aspect of this invention is
configuration Circuitry through the I/O signaling circuit connecting said
power recei vi ng An If@signaling tineuitthghispapeable aflopeeatirigial 3 plaralityt sfenboes while
potential termnal to provide a current to the_hirg%h otential terminal and
the |1 o\Q potusiid aisindle patuthraygh the sirciyt ePprates it ﬁ’ong maswer g RPWSH 15
circuitry i i l j L ki i nq); to
ot ovi de. cupER i soifeteRld LEaNe Bufit ik, HE0adabE iocdincd dilice, 83LH
conf i gur at iagm teansisiot, isyconpeciediimtheagircuitipetwedn tecporitivsigeninabénd birggative
invention is that the configuration circuitry includes current flow control
circui try fefmipantA SEFPRG Valighie inpedancendevier Fonnecisoiernagative emynaito a
circuit an n : -G f ntrolling the

Vol tage bedtebiETReP oK T APl en or Ao o et T2l er i mal

Anot hers aspect qhetflisSvariabinimpeddret deticd ben G opevied bpvlosedttd Tontpleteld t ry
includes a first resistor and a first transi stor connected to the | ow

potential CHEewt haiwegmuthenpsithie: and negative terminalgiinside the FOnpimtUkin erdseda of

this i ti : I AP Cncl
pi cic-of f - peaaLfe VBfaos AfuBehiie hesiiy afie ebRlyS SriAE TR Seed REYAHeRFe °
anplifier tfpbdassedaise aonteiatinofiew ol cofreat Hom thermower subpBeesRrounddTite

voltage fromthe BII ck-of f and generates a control voltage that is applied

to a gate dvonvmsablerispedaneseyises are eankEaind im Werfplowingreannen ueantigytgyh
the f'?;OSt Ao %ﬁﬁalig@%@ﬂﬁttge&?&%&e% aoégfétmgﬁﬂ fhbiat | an cbﬁtr&%eﬁ%tas

current fl ow contr ry also 1nclu irst nonitor p connect ed

to the pi Clinstfuctiods thanaeberine piestmede ihwhicineimaloaré so beatrandraittedl ampe
control circuitry includes a second transi stor connected between the high
potential Genafaies signalsthat ¢anfigyse ariicHit: t ernmi nal that receives a digital

i nput and establ ishe B [ CUi t Al i ale: t.er

and the | ow pot enﬁ%#ﬁ@ﬁr%r{er@@%ﬁﬁ ﬁget\rlggﬁ%le@%tg% %pﬁﬁé;a ?gn%%tﬁ!r%ﬁvéns ?%at
the vol t agenpedaricd devieeUiTheyfiret signanehustssttee firgtslariabRsinftedpesddVice to
connected between the power receiving circuit and a gate of the second

t ransid® or comphktasor break e eieuit whivhi ibttyrn geatralspihei eirent, Spwingativeugh the
?f‘gleﬁgegf tsgicgnciianry %2{%8 rf'roirnS thtehp%tsit}v@?eyrﬁilnta%eth%%gra%e ?érfrﬁ%l? Y tH% Sr%ferred
embodiment, the first signal is a digital signal that opens and closes a p-channel

MOSFET transistor.
A second signal is also generated by the controller. The second signal is
30 applied to the second variable impedance. The second signal causes the second
variable impedance device to change the amount of current that flows through the

second variable impedance device into ground. As the current flows to ground, the

3



-a second biasing resistor that receives the input signal froma processor
-and has an 10 output connected to the gate of the second transistor.

Anot her aspect of this invention wherein the second transistor is a source
to drain transistor and the power receiving circuit includes a fuse
“connected between an out put of the second transistor and the | ow potenti al

Cnal . Anot h his i : : h g
P L o e S e R TV
i npedance BQMRNied YPBhYOSEORRBREEMMbIidTOPPRNR) ah8GE MAdtdadilablt fo dMARaRR d
power supply is off. Another aspect of this invention is that the plurality

of nodes itedDigdal (A/@) eonvertédri e CpiArop alssdreceesttherseaena signad whidhsis an
e Aot Sigmel The L anin ol 7 coRfelvalnge Wiimiitogh sppimi e
i ncl udgan @é‘ddn\sevaia%gé ﬁ@?e@%@é’tdemeo Lot Sthedsitesit Rwih 'f?omrm@%dzvgél- I's

that the plurality o es 1 nclude a passive discrete output node.

Anot her aspgply tdf thehresistor eThiedirst and satondsignials ate vyriexdf bydde <ontrollerde an
active freqguenc) out“rp?g\t node. _Anot her asg ct of this invention is that the

plural ity $ANSTRYEEreoeive signalsinadasiredmadeAepeb QLbbe!oOMbde. Anot her aspect

Chot e eopecs B ehloh 4 B Rt 4O SpRSRcLREL NS, 0yl 100>
active inpfta glusaliteiof madbs having Anadvner reasejvireg cioduit thias receiesd power, s higat
the plurality of nodes include a passive discrete input npbde. Another
aspect0 of RAtERUZIHGERING thatcanngets: tRea dpad andtsy REtRIIa) fminRl @56adhatve
frequency dppdttdB4Fe load. A first aspect of this invention is configuration circuitry through
the 1/O signaling circuit connecting said power receiving circuit to the high potential
terminal, and the low potential terminal to provide a current to the high potential
terminal and the low potential terminal over a single path through said configuration

15 circuitry wherein the configuration circuitry configures the single path to provide
current in a one of the plurality of modes responsive to the configuration circuitry
receiving an input.

A second aspect of this invention is that the configuration circuitry includes
current flow control circuitry for controlling current flow between the power receiving

20  circuit and ground and voltage control circuitry for controlling the voltage between the
high potential terminal and the low potential terminal.

Another aspect of this invention is that the current flow control circuitry includes
a first resistor and a first transistor connected to the low potential terminal and an input
of the first resistor.

25 Another aspect of this invention is that the current flow control circuitry also
includes a pick-off proximate the input of the first resistor and an operational amplifier
that receives an analog control signal from a processor and a voltage from the pick-off
and generates a control voltage that is applied to a gate of the first transistor which
controls the current flow through the first transistor.

30 Another aspect of this invention is that the current flow control circuitry also

includes a first monitor path connected to the pick-off.



5 Anot hér aépect of this invention is that the plurality of nodes include

-an active frequency input node. Another aspect of this invention is that

the integrated /O signaling circuit is incorporated into nmeter electronics

of a Coriolis nmass flowneter. These and ot her advantages of the present

“invention wll be apparent fromthe 10 drawi ngs and a reading of the

detail ed description thereof, DESCRIPTION OF THE WNGS FIG. 1 is a

Coriolis flow né\¥theashRast PhitihEvePtion Sihat the @'Rg% CONrah CECRinEHaas B

t he nmeter [ ' HeBldsn H fantfl @ di Rr:Tels an
Q268 BBhERtdrizohREctER et éeh (HPMER Bentfal @rrihdl 3nd il BRI A

/O signaling crrcult thrs i1 nvention; FIG 4 1s a 0 I agram of
t he procesdemhinebthiat grosives 4 digite! ipst gndldstaplishes @ dirdud patie batwesdmtha high

sel ect ed node. DETAI LED DESCRI PTION Coriolis Flowreter in Genera( -F1G 1
FIG 1 illrstentiadderpingland the levaatent& t8MiBRpri sing a f1 owneter assenbly

10 20 and rmeter o‘?ﬁérra%g%‘éfcg%%s iﬂ%%%a%ﬁ%tt{h%’vo@tégg??ﬁﬁo!(‘cﬁ’?ﬁ%%o dr&éu??% \?vr

assenbly 10 via [eads rovide density, mas ow rate

rate, tot aldfretbigsiag rédionr ssmrkoédbstwerimihegionwen reseiving alrtuiP4nd 4 yahwuhegl be
apparent to those skilled in the art that the present invention can be used
by any typ&esendhiensistas te bingibessecoagdranséster ard grrosifivegal. of drivers or

h nb f pigcks . n | i NG . i f
flanges 101 ana ATIHRS asRRErais rfRniaR 1§ FEE e RREBs pintdl e SRR AAgH oo
to flow tubesechfd thasing rdditoBthat festiveetihaliBdubsignal fedmef prosesker and Hal And
105'. Brace bars 106 and 106" serve to define the axes Wand W about which

each f1low w©utRutLOBReEled todBBgstcef thatsesondreansistefimet er assenbly 10 is

inserted into a,pi i he S . i i t. mat er | al
bei ng neasured, A}p&@gri%peﬁ? e[?‘gg W%&X@{] %@3%&%6‘9%?‘%@{ '?%asr?é'écelkﬁ,
passes thr @R tramBistsHghdkhe lpw/@f PedeBngeiretit Mciudesd fue6 E6fhddte@betwaitindn

fl ow tubes 103A and 103B, flows through flow tubes 103 A and 103B and back

i nto nani f GUtPUL®F theheeeond trandister and &he low eetantiai terminadugh f 1 ange 101'.

Fl ow t ubes 103A ,and 103B are. .sel.ected and, appropriately. mounted.to mainfold
10250 a5 to hatbeltieantt SR FrenbrE HALHCREYS Bet iR it o
inertig anddipdel fat igret@ly | @SreMd FrBm %Whg?in@d%sldw \Mpedate ;ﬁ;(jnwierr] se‘i'ﬁply

respectively. The flow tubes extend outwardly fromthe manifo
essent i al | gopagcted &o theapbwenreceiving cintist WinsnsEdpawalsupply i9pffdri ver 104 in

What 15 termea (AR Pegtor s RRRAY 51l BF e nkefinclysB e B,
ey conpri sgliarp Oltpaydeel | known arrangenents, 10 such as a magnet
nounted to flow tube 103A and an opposing coil mounted to flow
Another aspect of this invention is that the plurality of modes include a 4-20
20 milliamp Input mode.
Another aspect of this invention is that the plurality of modes includean active
discrete output mode.
Another aspect of this invention is that the plurality of modes include a passive
discrete output mode.
25 Another aspect of this invention is that the plurality of modes include an active
frequency output mode.
Another aspect of this invention is that the plurality of modes include a passive
frequency output mode.
Another aspect of this invention is that the plurality of modes include a digital
30  mode.
Another aspect of this invention is that the plurality of modes include an active

input discrete mode.



tube 103B. An alternating current is passed through the opposing coil to
-cause both tubes to oscillate. A suitable drive signal is applied by neter
el ectronics 20, via lead 110 to driver 104. The description of FIG 1 is
provi ded nerely as an exanple of the operation of a Coriolis flowreter and
‘is not intended to Iimt the teaching of the 15 present invention. Meter

el ectronics 20 receives the right and left velocity signals appearing on

| eads 111 and 11Anpthassspect afdhig.invantion ixthetthedgruredity>of rppdes inssidetrepalsive
signal on Iﬁad 10 ich ,causes driver 104 to oscillate flow tubes 103A and
103B. The pPESEHE MUEAPYSN as described herein, can produce multiple drive
signal's from mil WnBliferdisp¥e ot thidnléhitsh ietharhbliesin Ot baEE rildeld pande
right velocity signals to conpute nmass flow rate and provide the validation
syst em of t frequeeseinput mogiet i on. Path 26 provides an input and an out put
means tpat allo ter _electroni.cs 20 to ipterface with an operator. Meter
E ectroff cs 20 | ANBIREASeSt a1 e mvarren ol e A Lot meRRs BRI A Ar e
the conponepgguehcyiRpBiRi@akary 25 enmbodi ment of neter el ectronics 20 which
performthe processes related to the present invention. It will be noted by
t hose skilled i nAnbthearaspebtof thig irnvempioménthet die irdegrated e sagmalisg 26csihmwmn
are for exeppl ar ur.poses only. It is ssible to use other types of

pr ocessors !ﬂﬁ?r%&é&dﬂgm E@t‘i"’r?'é%tﬁ?@%?fg OfP¥HMare giar i nventi on.
Processor 201 re | I rang . var. i . i

the fl owneter SO?H%%%% ég\%%hp O%%%BF? ?nF{hfgy{goé}géﬁr?}pﬁtﬂ?sﬁdb 'ﬁrlé%sgd#%g%{/{t?@ eﬁ‘gef
mat eri a0, cdrmwihgfegnd @l readirld ofMthealetaield deserption tHereafid conputing density

of a material froma Read Onlé I\/Em)rﬁ/ & 220 via path 221. The data as
wel | as instructions for per PERGERETHA Q/’é%?"(ﬁlQR?AW' BSctions are stored in
a Random Ac S R%Eé’re - (; . tfornms read and wite
oper ati ons FF@R’A m%‘?&% r\ﬁ/?%rggﬁﬁﬁ@f?%%éﬁégﬁ 11 and 111' transmt the
left and ri GG, ¥&l Dbiock dlagam of theaneter elstbricsds steartiCoridils lowmetee;r

el ectronics_20. The velocity sianal s are received by analog to 5 digital
(A D) conveFl®:3 sopdiagramiaf@and/@@ignaiing cireuit of thishweatienrand3 converts the

and 1 Bsm {04 K8 B0 SRR B e DidbesSor MR AnYR8 0 Y BARGTaRR 167

si gnal s ar eopérfaté ida Bylektdd ia8e210 to processor 201. Driver signals are
transmtted over 110 bus 210 to path 212 which a B&ies the signals to

digital to analog (D' A) convert dPEPALEDRESGRIP gnals 10 from D/ A

convertor 22 _afe L4 dejver 104 via path 110. Path 26 carries
signals to Confis FIBW&QHn égné% i 260 which allow neter electronics 20
and secondary prprEssilastraéRs £ €odiblis lowaREAEEempbtsingad Roddtachssdpshipanhs
261 and 262 "which are connected to positive potential termnal 253 and

negat i 4@ po@e@imessr elegtranies 2QJMetsr elgatyosicg Qs agnrestedite meter agsepbly Hhuiai ng

circuit 15 [ ' ' agt ' I ' ' I I,CS
20 “one ski g PR M4 derishF: BB BReiolirnedBY B dotHieid nBSS o) B
have nore tgther iiermatidrso\eEtadth @6C1 If Shiddld B8 GippHeeMe thosaskilleden tHelag ittigui t
250 is shown is for purposes of clarity. Furthernore, one skilled in the

art will rethegpresentimantioncankicuseshiy amtype of Goriolis gpwmetes regesdipsgyof the

circuit 250 _ca tovid b ny cepmbination of circuits that can provide
20 the fgncwgﬁgf}ﬁ@wﬁf ffg%f{'d&’gﬁﬂgg@hpﬁrtﬁeps?%. |'/0 signaling circuit

250 reggives andFlbWé?é%éihﬂ?ﬁ'Oﬁn&l@déé Ppairof AdAges aonadd 244, mehitolg okl ed
in the electronic signaling arts will appreciate that I/0 signaling circuit
250 can be aséflowiubrsP3Aandc3E. &nnnecied te flowstugas!iosgA and 103 B efe diivart ed

i iolis.fl | i 6520, P 14 i pekud
Supply pat hTOhant BiskeS FRLEr OB AP 105 aads vt 108 A PG SR R ASHE thene
skilled in &k& W andW'laboBt itz 8adHidw tdte {03/ tnand3eeestifatdat a paths 241

and 242 can be a plurality of lines in bus 214_carryin?_data to circuit 250
or multiplexed sWpealflowneteriassemble10iinnsertedirto 2 pinalipepsistern4oot shown)
connected to sitive,potential termnal 253 .current -fl ow,.contr ol
cirou 10y SRy Hi ek haid. Medgref, s EniER Iowris Mgy 90
potential tgysuditflakgs 189, passedPeSidiniafifeid TONIvhElO e nidtehalny daedteand
vol tage control "circuitry 252 to return the current flow from secondary
processi ng device 260 to circuit 250. 8 Current flow control circuitry
251 is circuitry that controls the flow of current through 1/0O signaling
circuit 250 to ground. Input 241 is receiyed by current flow control
circuitry 251 and causes the anount of current flowing to ground to be
adj usted. Voltage control circuitry 252 receives second input 242 and
adjusts the 5 voltage applied to secondary processing device 260 in
response to the received signal. I/Osignaling circuit 250 is different

-, e g, N ~ N o



FIG 3 illustrates a preferred exenplary enbodinent of 110 circuit 250. One
skilled in the art will recognize that there are other possible circuit
configurations that 20 can be used to gain the sane results. /O signaling
circuit 250 receives power over path 300 froma power supply. In this
enbodi nent) the power supply is a unipolar power supply. Path 300 passes

t hrough di ode 301 which prevents current fromflow ng into the power supply
when the poweterdloppiupess 08AfandD G flaes theoughdinw bibes P31 A dndd83B R relbdckas

di ode 1N4001 d t or,0l Cor,p. Path, 300, s t ted to th
Cormnal w THOTRAMRE B iR B s Fabils arSerhadi R bloddi et 6 i nat ' Do,
A second term nak{dm&b*é%1@@¢\tariaem@@ia+s_sel@beéaérﬂi apbplialy rﬁdls%tbg td;ﬁﬁgﬁ'%ld

negative potential termnal 254. Positive potential termnal 25
negati ve pot@3tsbads toehavensubsintialip timesame anascdistidauwyiopr moessithgf idextia; an2ic0

Lo ol ULt oo O A0 Lol 00, S0, CL L 2R (BRI e,
the art i ! LueRaoaniaRl ba 6Rmahidq i gy ckBehbian qppani keudbsect i on. 9

~ Afirst varrable evi ce 'S con bet ween positive

potenti al term nhlowhibeznd3tcBaire devepobertivat 104 imoppdsitdSdiractionslabbliQheir
circuit 250. In this exenplar )(/&enbod'i ment, first varjable inpedance device
is a p-chanfRsipestiskbending axesi¥and Wiangsatwhaids iergreddpedirstidd gt eendgipg fold

Mot orol a Co ' valtablig,i ' ' h
300 vi a pat b 63 RlrehRr 184 BFEaRARC Bk o ) b ERBRR Bk
prot ecipon shshesth magnstrabested td Rewaube UDBAyarid amoppesing woll endurdsd to flow
descri bed bel ow. Thermal protection elenment 312 js an auto-resettable fuse

S:JCh as pariubg mﬁmn@g@mfs@g wyrerbis aireRed tieush thripreesing epiia caysstkethi on
control oi ruditer8 ERRRE ASylatie Bt sl pchiBy o) e @Y RREYERRELONGIA B4R,

A digital sigmed diiveraioal The c’gmd-igﬁorpbps@sms plidet angralyha 330 ekameresf thad
cl ose vari abl e i npedance devi ce 310. Resistor. 305 is connected between path

300 and 3300peratian 30 fGasieds tiemeugiar apdds Jtdrintepiied Hedlimit dhe teamhing ofthe32s

bi as vagi ab i device frompath 300. Resistors 305 and 325 are
conven'?!l;ona+'%rsggp'$'tqgag&§'uch as a ten Kohmnetal film It is possible to use

nmany different siletstBIBcti@sES LOTeddivétrepigitennd leftweldditgrsigidgappesring on
potential termnal 254 is also connected to conparator 340 via path 335.

Conpar at or 'gadsddisand 1hE, respeetively. cVieter pleatianicsa0 prrduceathe daveysigmapon

the s gnal <e8 T1PaDEB Laysls Pt IoR PS5 50UHE B ofe 1S4 BhG 038 TBREr S8 ©R
second var ijabkRtioMBsdestiDed herdiR, cihprousenRpledrivetigd ffrd@dmiblbple drivers.

returns fromnegative potential termnal 254. In this exenplary enbodinent)
second2@ar i Meter alegieanies 20 gengess lefuand dght vielaaiy signalaiosrmpyte amassdiay ratgs

Resi stor 3504 Brek A e \Vala BRSN §yaler BF BHuhrL8LhARL End P HIARSE IsbES ar fput' @
and an output means that allows meter electronics 20 to interface with an operator.
Meter Electronics 20 in General - FIG. 2

FIG. 2 illustrates a block diagram of the components of an exemplary

25 embodiment of meter electronics 20 which perform the processes related to the
present invention. It will be noted by those skilled in the art that the components of
meter electronics 20 shown are for exemplary purposes only. It is possible to use

other types of processors and electronics in conjunction with the present invention.
Processor 201 reads instructions for performing the various functions of the flowmeter

30 including but not limited to computing mass flow rate of a material, computing volume
flow rate of a material, and computing density of a material from a Read Only Memory
(ROM) 220 via path 221. The data as well as instructions for performing the various

7



.enhancenent node path 344 and ground. Pick-off path 355 provides the

.vol tage across resistor 350 to Op-Anp 360. Pick-off path 355 al so provides
the voltage across resistor 350 to a nonitor(not shown). The nonitor (Not
Shown) is an analog to digital convertor that converts 30 the voltage
"received over path 355 into digital signals that can be read by processor
201. The digital signals are then transmtted to processor 201 via |/ QO bus
210. Op- anfuBBONsee@ §@sehin #halangaroesss sMemarys (R #80pr eeeesser @Pdr

Comarcs 10 ortoiip foaq BAE GRERRAEHSERAR MEY AR Do o 7Y ool B or 50

and generates apgARs noh anal trRgeranBadit the 18RRINdeth Rt e ef@sigEign 41D fdanlevshedrc e
345 via path 361. The control voltage controls the anount of current that

f1 ows t hr oagaesbliotRita meerelectrardos €6. I4B valoghvosigalssreseesived by paslog to

i d devj d d,ci i h fl
contr o o cialel D3 gainaBs s AERE oSl 29 a0 BohpEndidd i ruptialls tsto
i s convert %dtr@h@yél@bmaggnm@% r?ggafm Q@nalmhéaqﬁe b9 precaydr vo1 bab! ttarisimedaace

device 345. Thé first and seco variabl e i npedance devices 310 and 345 are
t hen adj ustdigitabgighbis asiegpathe? 13 ol Ohmusiz 6k B digitel eippalstage carrmddydéd bosed

node. 10 I/ Q signalin ircylt 25Q can be confi.qured in e fall ow des
oy o ol vi g 10 Hase S a0 oi i S gaae e AEuaEd e U9 Bis 23pis patiads
follow n - Al ; 43 i bt f j it
po0. 1t s P ieRfe BRhaKB Mol todRelod (M) AICrR 200! ¥ lankidd S6hal
oper ati® i n fromd B$A ebheertdrtZ0? stectransmiitearty drovded Odiviapatieitdv. . 15 A first

node that 110 signaling circuit, 250 can,be configured to oyide is an

T og 4 20 o 1 PRIR Stes sionals Tasaeondaly prowesig sievies 28 Whidh alkw Botesut )
processor t 40 { Idesk ha nPRAfedse i

310 which (%g%(:strggﬁ%l ?gtar@ag%%%ﬁeﬂ%gggﬁﬂgé dc{a%}iiccéé@???oﬁ gmlrnemal n g'peﬁ.gfﬁT%g
processor 2dudesapaths @61arsic262d)hith aeaconmadtedt@ posltivagetemntiaDberAnipal3863

whi ch t ntrol 2D vol t is.applied t iable
{Tbedance. dBRINEGaNE EReIRLIFEA 2aiot LA RO R AR nlO AARAIPGTBHY 1 o
5 Thecst: 51008 sidSa12%] i
urren® 11 G e Chra gt BERIRATS s TEHL RIS BIGRFIET S0 ORE S o
processor @ilrécogaizannat mbter eleatrtics 2O wayghdveomoté thayosid |/Qesigraligtairait

term nal 253 to the negative potential termnal 254 and through

. : : 25
secondary @P8ce5HIWRYEAeINeone0/O SEEGHLAPY) iSr $RQWR| (1§ TAE\PUEROSES0OL SldMibhen
read the c ' j : Re: i i /0O
i anal i ng SybiEimdE, B 3RARY A T FePdGRIAERRP HERURELA AAGERTIN G0 |
circuit 25@ignalingeiratit256 can bedfroniddd byramy combinatipnoafecireaits Bt cdo @sovide
apply a signal to first variable inpedance device 310. The lack of a signal
cause 280 t funcienally PhFOsigndheE@Hee-ce to remmin open. Processor 250

i t : ' I | t = |
const ant _cont r of /BT isUR 2R cBhBETnd Caridinfy ] AN S0 PR

i npedance gayi coOnAskillddirstil ERrohitE signalitg tarts! Wi aygpreciabe tiat 1 eignaling 50,
but controlled bg(psecondary processi ng device 11 260. Processor 250

recei ves c@irfe@h259 cawbewsediiatothepgericamradeang O signaling and:is net Hzitegd ta
d fl , j i . i
Govi co 60 usREelpiF el MARc o Bad HORLAREIU B LR S uRBa0.

di scretse valfist dada path 2116 aft sfsgcdnel datagiath R4d. Osenskilleddn tree anvdilirateghiby
the voltage across term nal 253 and 254 through secondary processing device

260. |/ 0O sithatdng firgt and seganddatagaihs 44 and anpbeaRidelity ofdings in bigs 414 | n

order to pr.Qvi Cl.l i~screte | : - 2Q1 I

const ant Al 007 oL 2 A aleB iR ov PR SRS, PORel Ko,
control volph&gRi (s ebnaested th yasitivdpstantibrdaniial 283 byeur4ht fid@cditrl diradirgt e
value is then applied by asserting or de-asserti nﬁpa signal to first

\éari abl e iﬂﬁé(ﬁ@ﬂc\@lf@@giaﬂfﬁlt@lcg\;mﬁﬁ 252pfgircpit 28s INpgative peteabipldermipatidpt e
i cgn310. i ch.
post £ 19 pit EarETe B 2 freR o oSN Dl e Rl 2BE Lt the

present ed cQrreRCMIW RO ECUIRIBEY PockR¢irEddile 26Dovatduges0.ndi cates the
data being transmtted. 1/O signhaling circuit 250 can al so



15 be configured in operate in an active discrete input node for receiving
data by applying a maxi num voltage signal to Op-Anp 360 to generate a
constant control voltage to second vari abl e i npedance device 345. Data is
then detected by the voltage detected over path 335 by conparator 340. In a
passi ve discrete output node) processor 201 applies 0 voltage to Op-Anp 20
360 which generates a control voltage that prevents current fromflowing to
ground. Data iscgreRIAWRHNESPEREUIRG 28R i9&iREARY thahBoAtrdls IRAoAPE! L&Ferto
first variable inpedance device 310 to open or close the first variable

i npedance tdenigie!/@16igneliy sirguihRbOdo @rovndt 1250t 24ihisateseived orbiirgat Bdwt o
operate in a ssive diiscrete input node for, receiving data by processor
201 appl yiSAHR! FHRIDagaT ANShaRUSRs i RPN P REITEN divind le GraliskstonRe
control valdiageqf aroeRfPshiRtlalLS JgPRAaNg g%haaﬁ&g) L

detected géncﬁt gdburcrﬂe %c@\%g&orger pat h 3%5 t hr oua {%ﬁ%@ﬁ%y&t{gft@e

si gnal $ ng witagei apied wasecrsiarp erocessingydediced8ipar sdsponse dotthg aesaided
passi ve frequency input and output nodes. In a frequency node, the data is
an enco_de"dlg'ﬁ{al og val ue. Processor 201 configurs I/Ocircuit 250 to
operate in an agbishafiaCIEAonsis bt rBRAGHERYORECLRL LANE RAOPBRW that
Processor 201 applies a“nmaxi mum voltage to second vari able I npedance devi ce

345. I n ordeuittas0ecarode cdafiguredrin siee balday Yeprriimeisabngerdev parid2E00 fyegiessor
201 applies a frequency signal to first 12 variabl e inpedance device 310
whi ch changesetofanyidipteagedas syBROERE BY dasYEIBMOKES suRignidiayieg threggh dircuit

Fr cquihey R nstte B AR 1oty ST S AR, ORI PR o etfung
si gnal to (euvPB0368ich i RN FeR e the REYr ofedhipdheHt AeaRdtemaneabtire
vari abl e 5 inpedance device 345. Data is then detected on the current

recei ved ®iferit280n Bi3g configiigtion efhasignaiingmircuib2 ds Perfopned baprasessor

cont 9ur e J0WHiGF ¥ibodt® ihG0RBHE S bndeRE S e S RRHER HoBH RUniDds

Processor I'eéS a n 0O second varla

345. I n orgdefighee POCSigRalify sirduit 50 fer Spératioh iaNG dediréd nfRRONABRY bbibw
processi ng device 260, processor 201 applies a frequency signal to first

vari at? e idesetiptier aican exempiary| eapadigirnt dgmensteaies oyo Hehsignab ces be

by appl vi g Ho8RELR deristartg R sealRo R B BRY bR sl "Cont r o
vol t age f Q/O SegrHlig\Girdu38D-imBegance ' device 345. Data is then detected on
the current received over path 335 through Opl5 Anp 340. 1/0 signaling

circuit hzgo car’r‘lla. %lllb@ralﬁeﬁﬁi m’ﬁf&!tedt ?emamemwmemil@cuc@t 80. Ane. |
on Ve . Tt . we _ |
" order esebip bk Ak if teeoBgnaliherd o ek bR Er Pk PR R P o

procexpor caRlpelgsed ftpgaiﬁﬁﬁé ¥afheStegORs. 1/0 éi?héﬁng\/@fduﬁtﬂfﬂ) reGRives PVt RveE e
310 to prevent first 20 inpedance device 310 fromconpleting a circuit

bet ween p@sith 308 fremenpower suppty.nin thisembadimeghthe poyer swpplyiis adinipelar
254. A scal Ed; | i NRAT variable signal is applied to Op-Anmp 345 with
1200Hz/ 22 FFAPR ySUperi nposed on the signal. Transmt data is received
over path 335 tHtREQD F4y¥RSRioRGhASHe BB fich preveald b@rrdritibm fiolirg into
circuit- FIG 4. 25 FIG 4 illuStrates the operational steps taken

pr ocessor e powersupplyceken the power supply igyoff/ QietdgRaNiing asnveationalZliode

i rod 28ueh esdis (R brodiey G PR Ca & ol BancorBeRER R ( ne

circuit akgnpal weH the rr{dg@p%k%@é'pbﬂ%ﬂ@l,rp‘déiﬁvezég&ent'iél t&infiRaEss. DK QEESHPT

201 determ nes whether the node to be supported is an input or an out put
nmode. |f 3@mihe! isothe mosbeegappe motential tarminahand ris @mes oegative prEntiabads
t he pertinent. sj l's froml/O signalin inf CUI in_st 420.. St 420
is repeat é%l"‘ﬂl'ﬁ?' Egghéoﬁﬁ'ﬁ% Rpterdgl 385"9'"238 i s_g’gﬁki‘ﬁégg"%y"gﬂf‘%&%’m‘“aﬁﬁ“ 13
I the sigRRhbPaoBRESNd 4ty BRocti4BPR debitd 60 allamr@d@ﬂﬁmmergﬂéﬁn%r e
executed. In step 410, processor 201 receives the data to be output. e
si gna0 encirdeiti 2801 though gecendarg graqessingderice 26@ ang packetd cirguit/a80si Fhose
circuit 250.in.ste 12 Steps 410-.412 are.repeated until.circuit 250 is
confi gure&gglﬁgdﬂhg?é V\"W%ﬁ?@?‘l’?@rt 5t faga’seriw I eoqpsosgeggggﬁc?rbti on of an
/0 signaling circuit having a single path through the circuit that can be
configured to operate in one of a plurality of nodes. It
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is expected that those skilled in the art can and will design alternative
/'O signaling circuits that infringe on this invention as set forth in the
clainms below either literally or 10 through the Doctrine of Equivalents. 14
‘Substitute Sheet 15 - 15 January 2003 What is clainmed is: 1. An integrated
“1/0 signaling circuit capable of operating in one of a plurality of nodes
for_bi-directionally exchanging information over a single path with a

renot e secondafyirh\Giabs imgperancsedever 8 10/iocongraiedmse lv@é‘LRQS“B/&“rprl si ng:
a power sy nYaﬂ%?’hp}%a?Sse%ﬂ@@@gﬁpﬁ%ﬂﬁﬁﬂ%ﬁﬁ 954943@185“/0 ’&r&hgﬁso

pot ent i aI erm na el v | al m sai d
suppl y; atHioexeapeiny eaibdd&hahnailrst \mrifalblfétmwedar&té devm@miarpeeh@lmal ce

connected between said high potential term né&?ﬁ g&t id | W potenti al
term nal ; “@%%%Bﬁr@”@&@ra%{@ anpensistar 4Aih H @S’t%@ %@FP said | ow
pot enki al ter "Epaly {é@iegf rikeld dév?ée QHbQé'anF\Qcétee% Ugné EE’(H dance

of sard first varia ance device; a secona circult OI’ Cc ntr |ng
the i npedan@merfnaarmiesmekénvemlaaltﬁ viaipgik &dric el hlawma @rot@mctomietreent $di2d

first circuit .and said second circuit, and said rst i abl e i hpedance
v co. anderta 52 EGHITY SOTABKE SRR s saiHeLb et | Dir TR el o

signal i nger@hrémlsh 2ti@ aﬁpcﬁftétréséﬁbt%%ég s9éh sl BIINB0SH prbsiesed BY

exchanging signals with said renote secondary processing device over said
si ngl e paRaychersu@die autpet Stthetmaleprotddianaslemgnt 30@3s zonmeetedrivdheatat 1/ 0
si gnaki ng%,ﬁ%rcuit of claim1l characterized in that said first circuit
controls vol tage between said high potential termnal and said | ow

potential terninals eBEdipmar, ﬁ@%@c@ﬂtf&lﬂ|ﬁcuﬁ@m5@i§pr@vﬂe@6y fitspwakigbpeen
said |ow potential terminal and ground. 3. Thé integrated I/O signali ng

(circuit omRedaneeZeving 3tQ.ofidigitalisionalis apalied b¥damaresassar 20t oimpPates:
f t t
connect oo Toveen! Eh0 (S FLERIE PREFSTC: havBE HTF Raof s05(8 bophBlRe® 2
first resbstween phth BO6 arm:t:é:gﬂ aPath 880 ﬂswmkng'\ ‘eaistar B25f RelsmtméBSOS

h t t hat d d t f t I
ol 151 or=ihd2b Biaserariabla AR 5 BYIEs Gore PaHMAOPs SIRSSPE SHRPROIS de of
sai d fi rSéré@ﬂv&h%nﬁ’?@si@%§%@bﬁ%saa fKbRM MRtAIFme. fthaboksibarRl iigsl to an
i nput gate of said first transistor to control the current flow said

t hrough s@iagydifferent staenrgthresisier inthalpeseshinveintieni t. 5. The integrated 1/0
Lo el KBNS FHRRRELETE 250 Lty Sobtasianeasb Ll
sai d firspathe&d855t©omparatdhs40 Béﬁgﬂé@tl@vdﬂte@eﬁegeabmmgntaftamiinzﬂﬂseﬂ witn 2
char 38 t err'ezs;e:gctl tg tgrqgllna?%g E—‘*‘Iatd'lS 53§Ipra%g{eg tﬁ%ﬁ%?\ comparator 340 and carries the
signals to I/O bus 210 via path 391and fransmitted to processor 201.
A second variable impedance device 345 is connected to path 335 that
( retums from negative potential terminal 254. In this exemplary embodiment,
second variable impedance device 345 is a n-channel MOSFET transistor.
25 Resistor 350 is connected between second variable impedance device 345 via
enhancement mode path 344 and ground.
Pick-off path 355 provides the voltage across resistor 350 to Op-Amp 360.
Pick-off path 355 also provides the voltage across resistor 350 to a monitor{not
shown). The monitor (Not Shown) is an analog to digital convertor that converts
30  the voltage received over path 355 into digital signals that can be read by
processor 201. The digital signals are then transmitted to processor 201 via /O
bus 210.

Op-amp 360 receives an analog control signal from the processor over path

362 and the voltage across resistor 350 over path 355. Op- Amp 360 compares
10



-Substitute Sheet 17 - 8 February 2003 a first transistor connected between
.said high potential terminal and said | ow potential termnal that receives
a digital signal to control the inpedance of said first transistor of said
first circuit. 7. The integrated 1/0 signaling circuit of claim®6
"characterized in that said first circuit further conprises a first biasing
resi stor' connected between said high potential term nal and an input of
said firsthe F%\(Gﬁ signalfwitaile voltage Eprcigsistpb3g8 mard-genaiaiisss cppiokai d
first tra r e

civeuit orokra? ind's Rbted b Rl iadare deffce BepUtbeth oo, THELS AR

conpr i sesvokageconigolbitas angouret of snﬁentﬁmtfmwsaﬂMeuglasdcmmmmped:gmeé dewicsai d
i nput of f:%é%it tra istor of said first circuit. 9. The integrated 1/0

signal i ng B@PUME- claim6 characterized in that said first transistor of
said &irst ci r@@cbn&%}gﬁaﬁ%‘ﬁ dra‘?icg cﬁé\ﬂ:é 8253 Pk ﬁ%h@@'ﬁrcﬁﬁtf?éréﬂéu' t
further conprises use cornnect ed between an output of said first

t ransi st ocuoensiow cbntrst cicduitcy261 axfidFl Sal2d Thﬂ\epab@mlgml ap@hﬁ’dr’iaIOpmpThe
circuit o Ia|m1 actelzeﬂjlntat sa E‘? cge %IS conpected in
series Wi a\S&PB %%l"at?ﬂ% ¢ &pP '%‘? ﬁﬁ?ort’ grr’ QAP AENGEr se
current fae%&'m nphé ﬂﬁs@aﬁaIééc@ﬁWarraﬁwoirﬁpmﬁbesaéﬂc@@@@o P s I N an
of f condition. . The circuit of claim1l wherein said plurality of nodes

i ncl udes: thersacﬂwsietddmethnals fiprm the pleerasoy (o 0peraiedn poemelectagpnade put

2438 111 a0 Rop el B AR B HiSbY Bha B RS o
pl ural i tyapplyimsige folewingasign®s taeié ubodke @@Seﬁse@utrm&rynﬂd@ folléwxﬂ'@e
circuit of claim1l wherein sald 'Fl urality of rmd s | ncl a passive

i screte BHRPReT¥EOBEaRt e i the f“”&t'oﬁﬁléitb’rﬁfi WREFSE %éaﬂ"ds pittathasp of
modes | nCEHiﬂé& in b 8%t éfo%ﬁﬂ%‘r%?%% (5"}”[0 ng?ate:m Jd¥s Sthbf tdn He claim 1

wherein sa pIu ality aSS|ve requency out put node.
17. The cexemplargimades gnv&mbfetmel n sai d pI urality of nodes includes: a

ot o, B fRetL b Sl eyt S55 SR S5 BUHAN bl PF°
analog 4-20 milli-Amp output. [n order to provide the 4-20 milliamp output,
processor 201 does not apply a signal to first variable impedance device 310 which
causes first variable impedance device 310 to remain open. The processor 201
applies a scaled, linear variable voltage to Op-Amp 360 which creates a control
20 voltage that is applied to second variable impedance device which adjusts the
current flowing from the power supply to ground. The strength of the signal is
adjusted to encode the data in the current flowing through secondary processing
( device 260. This allows processor 201 to change the current flowing from the
positive potential terminal 253 to the negative potential terminal 254 and through
25 secondary processing device 260. Secondary processing device 260 can then
read the current being applied to determine the data being transmitted.

I/O signaling system can also be used as a 4-20 milli-Amp input. To
configure circuit 250 to operate as a 4-20 milli-Amp input, processor 201 does not
apply a signal to first variable impedance device 310. The lack of a signal cause

- 30 the first variable impedance device to remain open. Processor 250 applies a
constant maximum voltage signal to Op-Amp 340 which causes a constant control
voltage to be generated and applied to second variable impedance device 345.
This allows the current flowing to be limited by 250, but controlied by secondary

processing device

11



.an active input discrete node. 19. The circuit of claim1l wherein said
plurality of nodes includes: a passive discrete i nput node. 20. The circuit
of claim1l wherein said plurality of nodes includes: a passive frequency

i nput node. 21. The circuit of claim1l wherein said plurality of nodes

i ncludes: an active frequency input node. 22. The circuit of claim1l
wherein said integrated I/0 signaling circuit is incorporated into neter

el ectroni cs280. ®réeddsolr i ZBOnRERiVidsosurairg rlow28vepatt BB8 ffam regmafive wotarttisn
integrated I/O signaling circuit to operate in one of a plurality of nodes
conpri si ng {eABINg g%@ apgl:cugiept Jowgeceived spntaingdhe data Ham $gapndary Iarassing st
t ransi st or é:eqp%aéé(ﬁ:d between a high potential termnal and a | ow potenti al
termnal to € “a voltage between said high potential terminal and | ow

potential term rmakcred®Bakid 8% McERENSE 6 BARatihG AdigitalithteofA disereOVEIue is
transi stor connected between a | ow potential termnal and a resistor having

one t er¥i nad or@anazerdnidigital taums and izingdicated byhe vallageraccess termingt 253 8ad d
ough said segco round
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%40% & () - TEthds (henUetBeted dn the'dfdn&rédeided ¢veltpath BIK tirdygh Op-Amp 340.

+m 109 & ()-y) 1094 & ()- . , - .
I/0 signaling circuit 250 can also be configured to operate in active and passive

frequency input and output modes. In a frequency mode, the data is a n encoded
analog value. Processor 201 configurs 1/O circuit 250 to operate in an active
30 frequency output mode in the following manner. Processor 201 applies a maximum
voltage to second variable impedance device 345. In order to encode data for

secondary processing device 260, processor 201 applies a frequency signal to first

12
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9%109% & ()-! wU3{ Y7! &&OF%40%h& ()-"! &OFY%A0%h& ()-"!3%0% h
h& ()-!>3%0%h& ()-!3%0%h& ()-!F90% h h& ()-!ybCl &&OF%.0" 10% U& () - " 10%
U& ()- S10% U& ()-10% U& ()- 10 h 10 h 10 h9<s10% h& () - st dEbC! &&OFY%A0 9%4.0%
U& ()- 10% Uidhle itrpedd@icé ) devic) %1 0&whjch’ bﬂ%mg&(t)'neFv&M@é Br¢9s secondary
t XdBod &&OFW%:o%eg(sixgg) dgwlé% 26)0 l/g sllgr(:ahng cu)cuut 250 can also be configured in operate in
an active frequency input mode for receiving data by applying a maximum voltage
signal to Op-Amp 360 to produce a constant control voltage for second variable
5  impedance device 345. Data is then detected on the current received over path 335
through comparator 340.

Processor 201 can also configure /O circuit 250 to operate in a passive
frequency output mode. Processor 201 applies a 0 volt signal to second variable
impedance device 345. In order to encode data into the current applied to secondary

10 processing device 260, processor 201 applies a frequency signal to first variable
impedance device 310. /O signaling circuit 250 can also be configured in operate in
a passive frequency input mode for receiving data by applying a 0 voltage signal to
Op-Amp 360 to generate a constant control voltage for second variable impedance
'device 345. Data is then detected on the current received over path 335 through Op-
15 Amp 340.

I/0 signaling circuit 250 can also be configured to transmit and receive digital
data. One such digital protocol is the Bell 202 digital communications protocol. In
order to configure |/O signaling circuit to operate in the digital mode, processor 201
does not apply a signal to first variable impedance device 310 to prevent first

20 impedance device 310 from completing a circuit between positive potential terminal
253 and negative potential terminal 254. A scaled, linear variable signal is applied to
Op-Amp 345 with 1200Hz/ 2200Hz data superimposed on the signal. Transmit data
is received over path 335 through comparator 340.

Method for Configuring an 1/Q circuit- FIG. 4.

25 FIG. 4 illustrates the operational steps taken by processor 201 in a process for

configuring 1/O signaling circuit 250. Process 400 begins in step 401 by determining

which mode /O signaling circuit 250 is to support. In step 402 the signals needed to

configure the circuit are applied to I/O signaling circuit 250. In step 403, processor
201 determines whether the mode to be supported is an input or an output mode. If

30 the mode to be supported is an input mode, processor 201 reads the pertinent signals
from 1/O signaling circuit 250 in step 420. Step 420 is repeated until the mode of
circuit 250 is changed by processor 201.

13
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If the signaling mode to be supported is an input mode, steps 410-412 are
executed. In step 410, processor 201 receives the data to be output. The signal
encoded data is generated in step 411 and applied to /O signals circuit 250 in step
412, Steps 410-412 are repeated until circuit 250 is configured to operate in another

5 mode.

The above is a description of an 1/O signaling circuit having a single path
through the circuit that can be configured to operate in one of a plurality of modes. It
is expected that those skilled in the art can and will design alternative I/O signaling
circuits that infringe on this invention as set forth in the claims below either literally or

10  through the Doctrine of Equivalents.
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exchanging information over a single path with a remote

h& ()-Y 810@6h&f§ )-6@0% h& (
7 &

secondary processing device, said I/0 signaling circuit

comprising:

a power supply having a ground and a high potential

output;

a high potential terminal that receives said Thigh

potential from said power supply;
a low potential terminal;

a first variable impedance device connected between said

high potential terminal and said low potential terminal;

a second variable impedance device connected between said

low potential terminal and ground;

a first circuit for controlling the impedance of said

first variable impedance device;

a second circuit for controlling the impedance of said

second variable impedance device; and

wherein said first circuit and said second circuit and
said first variable impedance device and said second
variable impedance device configure said I/O signaling
circuit to operate in one of said plurality of modes for
exchanging signals with said remote secondary processing

device over said single path.

10 h
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said second circuit controls current flow between said low

potential terminal and ground.

The integrated I/0 signaling <circuit of claim 2

characterized in that said second circuit comprises:

a first resistor having one side connected to ground; and

a first transistor connected between said low potential

terminal and another side of said first resistor.

The 1integrated I/O signaling circuit of <claim 3
characterized in that said second circuit further

comprises:

an operational amplifier that receives an analog control
signal from said another side of said first resistor and
generates a control voltage that is applied to an input
gate of said first transistor to control the current flow

said through said first transistor of said second circuit.

The integrated I/0 signaling circuit of «claim 4
characterized in that said second <circuit further
comprises a first monitor path connected to said another

side of said first resistor.

The integrated I/0 signaling <circuit of claim 2

characterized in that said first circuit comprises:
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$10% U U&f()_!g %%9%¥UN%¥5§Qﬁg resistor connected between said high
potential terminal and an input of said first transistor
of said first circuit to generate a bias for said first

transistor of said first circuit.

8. The integrated I/O0O signaling <circuit of claim 7
characterized in that said first circuit further

comprises:

a second biasing resistor that extends said input signal

to said input of first transistor of said first circuit.

9. The integrated I/0O signaling <circuit of claim 6
characterized in that said first transistor of said first
circuit 1s a source to drain transistor and said first

circuit further comprises:

a fuse connected Dbetween an output of said first
transistor of said first circuit and said low potential

terminal.

10. The circuit of claim 1 characterized in that said power
supply is connected in series with a diode to said high
potential terminal to prevent a reverse current from
flowing into said power supply when said power supply 1is

in an off condition.

11. The circuit of claim 1 wherein said plurality of modes

includes:
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18.
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a 4-20 milliamp Output mode.

The circuit of claim 1 wherein

includes:

a 4-20 milliamp In put mode.

The circuit of claim 1 wherein

includes:

an active discrete output mode.

The circuit of claim 1 wherein

includes:

a passive discrete output mode.

The circuit of claim 1 wherein

includes:

an active frequency output mode.

The circuit of claim 1 wherein

includes:

a passive frequency output mode.

The circuit of claim 1 wherein

includes:

a digital mode.

The circuit of claim 1 wherein

includes:
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a passive discrete input mode,

20. The circuit of claim 1 wherein said plurality of modes

includes:
a passive frequency input mode.

21. The circuit of claim 1 wherein sald plurality of modes

includes:
an active frequency input mode.

22. The «circuit of <claim 1 wherein said integrated 1I/O
signaling circuit is incorporated into meter electronics

of a Coriolis mass flowmeter.

23. A method for configuring an integrated 1I/0 signaling
circuit to operate in one of a plurality of modes

comprising the steps of:

applying a first signal to an input of said first
transistor connected between a high potential terminal and
a low potential terminal to control a voltage between said

high potential terminal and low potential terminal;

applying a second signal to an input of a second
transistor connected between a low potential terminal and
a resistor having one terminal connected to ground to
control the flow of current from said low potential

terminal through said second transistor to ground; and
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generating said first signal and said second signal with a
processor in response to said determination of said one of
said plurality of modes to be provided; and transmitting
said first signal to said input of said first transistor
and said second signal to an input of said second

transistor.

25, The integrated I/O signaling circuit of claim 1 wherein
said single path is a pair of wires common to all of said

modes.



